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Abstract. An explanation of the so-called hydrino continuum emissions proposed by Mills and Lu, most
recently in [Eur. Phys. J. D 64, 65 (2011)], is presented using conventional atomic, plasma, and discharge
physics. It is argued that the observed EUV emissions during their pulsed discharges originate from transi-
tions in ions sputtered or evaporated from the electrodes. Such an interpretation removes their justiﬁcation
for the introduction of hydrino particles.
Recently, Mills and Lu have published extreme ultraviolet
(EUV) spectra from pulsed discharges, which they claim
prove the existence of so-called hydrino atoms (hydrogen
atoms with states having a fractional principal quantum
number) [1–4]. The discharges were produced using vari-
ous ﬁll gases and cathode materials. The observed spec-
tra could not be explained by Mills et al. using conven-
tional physics, which allowed them to interpret the data
as evidence for their hydrino model. In the present paper,
it is argued that the observed spectra are, in fact, emis-
sions from low charge-state ions sputtered or evaporated
from the electrodes plus some impurity ion emission. The
continuum appearance is explained as being made up of
densely spaced lines that are not fully resolved. Speciﬁc
points are:
Mills et al. claim [1–4] there are no diﬀerences in the
observed discharge spectra when diﬀerent electrode mate-
rials are used. In Figures 1 through 3 spectra have been
digitized1 from plots of Mills et al. [1–4] for emission ob-
served with cathodes made of tungsten (W), molybde-
num (Mo), and tantalum (Ta). These traces show instead
that the spectra diﬀer considerably with electrode mate-
rial. The dependence on material is especially clear in Fig-
ures 1a and 1b, where discharges with W and Mo cathodes
using a hydrogen (H2) ﬁll gas are compared.
Mills et al. [1–4] further state that the observed emis-
sion cannot be explained as line emission by atoms or ions
from the metal electrodes. Here it is shown that much of
a e-mail: avp@jila.colorado.edu
1 Because requested original data tabulations have not been
made available, the data shown for Mills et al. are obtained
by digitizing ﬁgures selected for minimum diﬀusiveness and
non-overlapping curves from the referenced publications and
“secured” preprint ﬁles. Thus, for the data of reference [4] in
Figures 1 and 2, the pixel width seen by the digitizer software
is larger than the nominal spectrometer resolution of 0.05 nm.
the emission can indeed be explained as line radiation from
low charge states of sputtered or evaporated high-Z metal
ions. In Figure 1a the spectrum of Mills et al. is plotted to-
gether with W spectra observed by Clementson et al. [5]2
from an electron beam ion trap (EBIT). The data were
acquired using a grazing-incidence instrument with a res-
olution of 0.04 nm full width half maximum (FWHM) at
an EBIT electron-beam energy of 150 ± 10 eV. This en-
ergy is high enough to create W ions with charge states
up to 8+ [6]. Very similar spectra at lower resolution (not
shown) have been obtained by evaporating tungsten into a
tokamak device [7]3 and selecting an early stage of plasma
development. Other observations [8–10] of W ion spectra
in this wavelength region were obtained under less well de-
ﬁned conditions or later stages of plasma development. As
expected, no hydrogen emission is observed in the spectral
region of these experiments.
Comparison of the experimental spectra from Mills
et al. [1–4] with calculations of oxygen (O) ion emission in
Figure 1a supports their identiﬁcation of the lines at 15.0,
17.3, and 19.3 nm as O VI and O V lines4. The calculated
relative intensities of O ion emission are obtained using a
coronal equilibrium model5. The observation of lines of the
2 These spectra are free from C, O and other lighter impurity
ions because of evaporative cooling with the heavy W ions.
3 A laser induced blow-oﬀ technique is used to inject W
atoms. The EUV is recorded during plasma buildup to em-
phasize lower degrees of ionization.
4 If O or N were sputtered or evaporated from the surface
as proposed in reference [1], these gases should clean-up as
the spectral scan was recorded. Also, signiﬁcant quantities of
surface impurities should be detectable as a burst of these gases
in the residual gas detector of the vacuum system.
5 The plasma is assumed to be in steady-state coronal equi-
librium at an electron temperature of 25 eV and an electron
density of 1016 cm−3. The calculations utilized the Flexible
Atomic Code described in [11].
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Fig. 1. (Color online) EUV emission data from pulsed dis-
charge experiments with tungsten (a) and molybdenum (b)
electrodes. The dotted curves are from ﬁgures 12a and 4a
of [4].
O VI ion [1] shows the presence of electrons with energies
above the 113.9 eV production threshold and is consistent
with the presence of the high energy electrons required to
produce the W ion spectra cited above.
The barely resolved structure in the Mills et al. [2–4]
data of Figure 1a at wavelengths between 20 and 22 nm
shows at least four coincidences between lines (or groups
of lines) as observed using the EBIT device with a pure
W plasma [5]2. These coincidences are conﬁrmed by high
resolution scans (not shown) with the EBIT source [5]2
operating at an electron beam energy of 128 ± 10 eV.
In particular, the line at 21.6 nm, dominating the EBIT
data, is a strong line of W VII [12–14], while the calcu-
lated O V line intensity at nearly the same wavelength is
predicted to be relatively weak5. Because tabulated spec-
tra of W VIII and W IX are not available [12,13,15], these
tests cannot be made on the shorter wavelength portion
of the data. The present line identiﬁcations contradict the
claim of Mills et al. [2–4] that no lines from the tungsten
electrode material are observed.
As a second example, Figure 1b shows the similari-
ties of spectral distribution of intensity for the pulsed dis-
charge of reference [4] using Mo electrodes to the spec-
tral distribution for an empirically assumed plasma of 4%
Mo VII ions, 14% Mo VIII ions and 82% Mo IX ions
as calculated using the relative line intensities from the
NIST/ASD tables [12,13]. The thresholds for production
of these Mo spectra [16], at 68.8, 125.7 and 143.6 eV,
are roughly equal to the threshold for the W8+ ion [6] of
141 eV. The calculated curve also includes the calculated
O ion spectrum5 of Figure 1a multiplied by a ﬁtting con-
stant. No correction to the model spectra has been made
for instrumental sensitivity. The plasma is assumed spa-
tially uniform, although its true state is unknown. Free-
free and free-bound emission are estimated to be small.
The calculation assumes a Gaussian line proﬁle with the
eﬀective instrumental width of 0.12 nm (FWHM) chosen
to approximately ﬁt the structure in the data of Mills
et al. [4] obtained using a 600 line/mm grating. Diﬀerences
between experimental and calculated spectra are compa-
rable with diﬀerences in the various experimental spectra
of Mills et al. [2–4] for Mo electrodes. Obviously, more
direct experiments are needed to conﬁrm the calculated
Mo spectral distribution. In summary, the consistency of
the comparisons in Figure 1 shows that the EUV spec-
tra in references [1–4] are characteristic of the respective
electrode materials plus an oxygen impurity.
The data of Figure 1b also show that in contrast to the
approximate agreement between experiment and calcula-
tion from 15 to 30 nm, the predicted band of emission from
9 to 12 nm is absent from experiment. This disagreement
may mean the relative intensities of lines emitted by Mo
IX obtained from spark discharge experiments [12,13] are
not applicable to the pulsed discharges of references [1–4]
because of a deﬁciency of electrons with energies above
the ≈110 eV threshold energy [12,13]. In this case, the ab-
sence of emission at short wavelengths is simply a matter
of the metal ion properties. Alternatively, it could mean
that the near absence of emission below 10 nm reported in
references [1–4] for their electrode materials and gas ﬁlls
is the result of loss of spectrometer sensitivity. In view of
the reasonableness of these explanations, further experi-
ments would be required in order to justify citing the weak
emission at below about 10 nm as supporting the hydrino
model [1].
The data of Figure 2, shown on an expanded wave-
length scale, are used to address more directly the cause
of the pseudo-continuum observed in the data of Mills
et al. [1–4] for their 600 line/mm grating. The low reso-
lution curve designated NIST/ASD of Figure 2 is an ex-
panded portion of the calculated curve of Figure 1b for Mo
ions, while the high resolution curve shows the same spec-
trum calculated assuming Doppler proﬁles corresponding
to an ion temperature of 10 eV. Although some of the
broadening and shift of the emission peaks from refer-
ence [4] may be the result of digitizing errors, approxi-
mate ﬁtting of these data requires that the eﬀective in-
strumental line width (including the eﬀects of line wings,
variations with wavelength, ghosts, etc.) is nearer 0.15 nm
(FWHM) than the stated 0.05 nm resolution. Fitting of
their data for a 1200 line/mm grating (not shown) requires
an eﬀective resolution of about 0.07 nm (FWHM). From
the similarity of the calculated low resolution curve and
experiment, it is concluded that the pseudo-continuum
discussed in references [1–4] is the result of overlap-
ping and unresolved spectral lines. This interpretation
is supported by experimental observations [5]2, [9] and
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Fig. 2. (Color online) EUV emission data for Mo ions. The
curve from Mills et al. for Mo is from ﬁgure 4a of [4]. The
low and high resolution curves for Mo are calculated from
NIST/ASD tables [12] assuming Gaussian line proﬁles with
widths (FWHM) of 0.15 and 0.01 nm, respectively.
Fig. 3. (Color online) Spectral scans for Ta electrodes with H2,
He, and O2 ﬁll gases from ﬁgures 3e, 3c, and 3a, respectively,
of [1]. For the He and O2 gas ﬁlls, a small background decreas-
ing with wavelength (such as expected for scattered light) and
≤10% of the peak pseudo-continuum at 20 nm is subtracted
from the original data.
calculations [17] of “quasicontinuum” emission which re-
sult from overlapping lines of highly charged W ions. It
is therefore argued that the observed pseudo-continua are
not the continua predicted by the hydrino model [1].
The plots of Figure 3 are used to address the claim of
reference [1] that the spectral scans obtained when using a
H2 ﬁll gas show strong continua while those for other gas
ﬁlls show no continua. These logarithmic plots show that
the shapes of the pseudo-continua portions of the spectral
scans for He and O2 gas ﬁlls are the same as for the H2
gas ﬁll. Data for Ta electrodes and for a N2 ﬁll [1] and
for a Ar ﬁll [2] are consistent with the plots of Figure 3,
but because of a high noise level or limited wavelength
range are not shown. The similarity of these data plots
are expected from the model in which the pseudo-continua
are produced by overlapping lines emitted by ions of the
Ta electrodes. Compilations of analyzed spectral data for
the moderate degree of ionization expected, e.g., Ta VIII,
are not available [12,13]. The lines from O impurity ions
are not expected to scale with the densities of Ta ions
and so are not suitable for normalization of the pseudo-
continuum as eﬀectively done in ﬁgure 3 of [1]. The appar-
ently signiﬁcantly lower Ta ion densities obtained with the
He and O2 gas ﬁlls than with the H2 ﬁll may be explained
by lower sputtering and/or evaporation rates for these gas
ﬁlls. Thus, it is argued that the diﬀerences in metal va-
por densities and EUV emission can be caused by diﬀer-
ent discharge conditions6 and provide no evidence that
the existence of the pseudo-continua is dependent on the
presence of hydrogen. Similar arguments apply to the data
for H2/He mixtures with W electrodes shown in ﬁgure 9
of reference [2]. Obviously, independent determinations of
metal ion densities in the pulsed discharges are needed.
Finally, the transient emission data shown in ﬁgures 4
through 6 of reference [1] are consistent with the emission
model discussed above and do not require a hydrino-based
model. Thus, the early peaking of the O ion emission in ﬁg-
ure 5 relative to time of emission of the pseudo-continuum
in ﬁgure 4 is expected from the sputtering or evapora-
tion of a surface layer of oxygen4 prior to the production
and multistage ionization of the electrode metal. The de-
layed emission from ionized electrode material has been
observed [18,19] for somewhat similar pulsed discharges6.
In summary, the EUV data presented in refer-
ences [1–4] can be explained in terms of conventional col-
lision, radiation, and gas discharge processes and do not
support the hydrino hypothesis [1]. A Comment on the
more general aspects of the hydrino theory has recently
been published by Lawler and Goebel [20].
The work of A.V.P. was supported in part by JILA. The
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6 Because sputering yields are expected to vary rapidly with
ion mass and energy [21], the evaluation of sputtering as the
source of ions requires detailed information as to the transient
behavior of cathode emission modes, discharge electric ﬁelds,
etc. in the pulsed discharges [18,19]. Similarly, estimates of elec-
trode evaporation require extensive data on cathode bombard-
ment, thermal response, etc. No transient voltage and current
waveforms are provided in reference [1], although Bykanov [3]
estimates some average discharge parameters.
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